Background: There is evidence of under-detection and poor management of pain in patients with dementia, in both long-term and acute care. Accurate assessment of pain in people with dementia is challenging and pain assessment tools have received considerable attention over the years, with an increasing number of tools made available. Systematic reviews on the evidence of their validity and utility mostly compare different sets of tools. This review of systematic reviews analyses and summarises evidence concerning the psychometric properties and clinical utility of pain assessment tools in adults with dementia or cognitive impairment. Methods: We searched for systematic reviews of pain assessment tools providing evidence of reliability, validity and clinical utility. Two reviewers independently assessed each review and extracted data from them, with a third reviewer mediating when consensus was not reached. Analysis of the data was carried out collaboratively. The reviews were synthesised using a narrative synthesis approach.
Background
Dementia affects an estimated 44.4 million people worldwide -a figure which is set to rise -and represents an important public health issue, costing an estimated US $604 billion each year [1] . Dementia presents a particular challenge for treatment and care due to the progressive cognitive and functional decline that are hallmarks of the condition. In particular, loss of language and the ability to communicate raises the risk of unmet need. A critical example of this issue is in the assessment of pain.
Pain is common in older adults, with up to one third of community-dwelling people over 60 experiencing regular pain and 50% of people over 80 regularly taking analgesics [2] . Although pain in dementia is difficult to assess, the literature agrees that at least 50% of people with dementia also regularly experience pain [3] , which is predominantly, but not exclusively related to the musculoskeletal system. Osteoarthritis is very common in these individuals [4] , and pain is also frequently caused by falls, pressure ulcers, infections and underlying neuropathy due to comorbidities [5] .
In addition to significant distress and discomfort, untreated pain can also be a causative factor in key symptoms and quality of life indicators for people with dementia. Behavioural and psychological symptoms of dementia such as agitation and aggression often arise as a result of underlying pain, presenting a considerable challenge for treatment and care that may lead to institutionalisation or prescriptions of antipsychotic medications that carry serious safety concerns [6] . The accurate and timely assessment of pain is therefore of critical importance when considering the overall care for people with dementia. In general, due to the subjectivity of pain, self-report is considered to be the gold standard for pain assessment. While people with mild to moderate dementia are often able to report their pain verbally or use simple visual or numerical pain intensity assessment tools, these options are not feasible for use with people with later stage dementia in whom communication ability is severely impaired [7, 8] . As a result previous work has shown that pain is frequently under-detected and poorly managed in people with dementia, in both long-term and acute care [9] [10] [11] [12] .
In the absence of accurate self-report it has been necessary to develop observational tools to be used in both research and practice, based on the interpretation of behavioural cues as a proxy for the presence of pain. This approach has resulted in a proliferation in the number of pain assessment instruments developed to identify behavioural indicators of pain in people with dementia and other cognitive impairment. The most structured of these are predominantly based on guidance published by the American Geriatrics Society [13] , which presents six domains for pain assessment in older adults. These include facial expression, negative vocalisation, body language, changes in activity patterns, changes in interpersonal interactions and mental status changes. However, the interpretation of many of these behaviours is complex when applied to dementia due to considerable overlap with other common behavioural symptoms or cognitive deficits which may confound an assessment, manifesting from boredom, hunger, anxiety, depression or disorientation [14] . This increases the complexity of identifying the presence of pain accurately in patients with dementia and raises questions about the validity of existing instruments. The psychometric and discriminative properties and the clinical utility of currently available instruments are as yet unclear. As a result there is no clear guidance for clinicians and care staff on the effective assessment of pain, nor how this should inform treatment and care decisionmaking. A large number of systematic reviews have been published which analyse the relative value and strength of evidence of existing pain tools. There is a need for guidance on the best evidence available and for an overall comprehensive synthesis.
This meta-review forms part of a larger programme of research focusing on developing decision support interventions to assist with the assessment and management of pain in patients with dementia in an acute care setting. A key aspect of this work is to identify existing assessment tools with validation data pertaining to the treatment of people with dementia. This meta-review presents a thorough synthesis of current systematic review literature concerning the psychometric properties and clinical utility of pain assessment tools for the assessment of pain in adults with dementia. It provides a detailed picture of the state of the field in the complex task of assessing pain.
Methods
For ease of reference, in this paper we refer to our systematic review of systematic reviews as a meta-review; we call the systematic reviews considered for inclusion in the meta-review reviews and refer to publications included in the reviews as studies; we use the term records to refer to the bibliographic data of publications of reviews (for the most part retrieved thought online database searches); the terms (pain assessment) scales, tools and instruments are used interchangeably. The process of the meta-review followed guidance from The Cochrane Collaboration [15] and the Joanna Briggs Institute [16] . In undertaking this meta-review, our review questions were the following: 1) Which tools are available to assess pain in adults with dementia? 2) In which settings are they used and with what patient populations? 3) What are their reliability, validity and clinical utility?
Criteria for considering reviews for inclusion
Definitions of criteria for inclusion of reviews in the metareview followed an adapted SPICE structure (Setting, Population, Intervention, Comparison, method of Evaluation) [16] (Table 1) . We included systematic reviews of pain assessment tools involving adults with dementia or with cognitive impairment. Dementia and cognitive impairment were defined according to the US National Library of Medicine Medical Subject Heading (MeSH) vocabulary. Dementia was defined as "an acquired organic mental disorder with loss of intellectual abilities of sufficient severity to interfere with social or occupational functioning […]" [17] . The Dementia MeSH term covers more specific subheadings such as Alzheimer Disease or Vascular Dementia. Cognition Disorder was defined as: "Disturbances in the mental process related to thinking, reasoning, and judgment" [18] (distinct from, not including, Delirium). We did not include Learning Disorders, defined as: "Conditions characterized by a significant discrepancy between an individual's perceived level of intellect and their ability to acquire new language and other cognitive skills.
[…]" [19] . Examples of learning disorders of this type are dyslexia, dyscalculia, and dysgraphia.
We included reviews regardless of setting (e.g. acute, or nursing/care homes), type, location or intensity of pain (e.g. acute pain, persistent), and outcomes of the pain assessment (e.g. patients being in pain or not). Reviews were included if they provided psychometric data for the pain assessment tools and were available in English. We excluded publications, such as narrative reviews or case reports, which did not provide psychometric data or were not categorized as systematic reviews [22] (see Table 1 for our systematic review definition).
Search methods for identification of reviews
The following databases were searched (details provided in Table 2 ): Medline, All EBM Reviews (including Cochrane DSR, ACP Journal Club, DARE, CCTR, CMR, HTA, and NHSEED), Embase, PsycINFO, and CINHAL; the searches were carried out all on the same date (12 March 2013) . Additional searches included the Joanna Briggs Institute (JBI) Library (The JBI Database of Systematic Reviews and Implementation Reports) and the Centre for Reviews and Dissemination database. Further data was retrieved through reference chaining. No grey literature was sought.
The search strategy used a combination of text words and established indexing terms such as Medical Subject 
Patient population
Reviews of studies limited to adult dementia patients or adults with cognitive impairment.
Dementia defined as "an acquired organic mental disorder with loss of intellectual abilities of sufficient severity to interfere with social or occupational functioning. The dysfunction is multifaceted […]"
All stages of dementia in adults considered (e.g. mild, severe).
Cognitive impairment defined as Cognition Disorder: "Disturbances in the mental process related to thinking, reasoning, and judgment". Does not include Learning Disorders. (Source: MeSH vocabulary -http://www.nlm.nih.gov/mesh/) Intervention Reviews of studies of the assessment of pain and of pain assessment tools. Reviews that include management of pain considered if they also cover assessment of pain.
Pain assessment as defined by IASP "entails a comprehensive evaluation of the patient's pain, symptoms, functional status, and clinical history […]".
All forms of pain considered (e,g. acute pain, persistent), without distinction on location of pain (e.g. abdominal pain).
"[…]
The assessment process is essentially a dialogue between the patient and the health care provider that addresses the nature, location and extent of the pain, and looks at the patient's daily life, and concludes with the pharmaceutical and nonpharmaceutical treatment options available to manage it" [20] . Evaluation tools may be used in this process: "To varying degrees, these tools attempt to locate and quantify the severity and duration of the patient's subjective pain experience […]" [20] .
Reviews of studies of pain assessment included, irrespective of the outcomes of the assessment (e.g. patients being in pain or not).
Evaluation (method of)
Systematic reviews only to be included Definition of systematic review:
1. Review carried out systematically -i.e. publication that makes explicit the authors' intention to review or summarise the literature (e.g. with review, overview, or meta-analysis in the title or in a section heading) [21] .
2. Satisfying the following criteria [22] :
-Clear set of objectives: explicit and clear research question -Reproducible methodology: the paper clearly explains how the evidence was retrieved, including sources and search strategy and the inclusion (and exclusion) criteria -Assessment of validity of the findings (e.g. assessment of risk of bias)
-Systematic presentation and synthesis of findings beyond those provided by single studies.
Additional criteria
Reviews to be included only if with data and/or assessment of reliability and/or validity and/or clinical utility
Reliability: "the degree to which the measurement is free from measurement error" [23] .
Validity: "the degree to which the [instrument] measures the construct(s) it purports to measure" [23] .
Inclusion limited to English language Clinical utility: "the usefulness of the measure for decision making", i.e. to inform further action, such as the administration of analgesics [24] .
The definition of criteria for inclusion of potentially relevant reviews follows an adapted SPICE structure (Setting, Population, Intervention, Comparison, method of Evaluation) [16] . All criteria must be met for reviews to be included.
Headings (Table 3 ). The search was structured by the relevant SPICE concepts. Search terms were identified by comparing published search strategies adopted by reviews in similar areas (such as [21, 25] ), or on the subject of pain or pain management tools, not specifically for the same patient population [26] , using the search strategy for retrieving reviews outlined by Montori et al. [27] . Detailed search strategies were optimised for each electronic database searched (see Additional file 1).
Selection of reviews
Four reviewers (DD, MB, VL, PE) screened all search results, initially on the basis of title and abstract and then the full text of potentially eligible papers (Figure 1 ). The results of the search were divided into two sets among the reviewers, so that each review was assessed by two people independently. When consensus could not be reached, the reviews were referred to a third party (SJC) (details of this process available in Additional files 2 and 3).
Assessment of methodological quality of included reviews
The PRISMA guidance on systematic reviews explains how, in carrying out a systematic review, it is important "to distinguish between quality and risk of bias and to focus on evaluating and reporting the latter" [22] . The authors encourage the reviewers "to think ahead carefully about what risks of bias (methodological and clinical) may have a bearing on the results of their systematic reviews" [22] . In our meta-review, the risk of bias may reside in each review considered for inclusion, as well as in the original studies that comprise that review. We did not access the studies to be able to accurately judge their quality or risk of bias. In terms of each review, we assessed risk of bias in terms of how the review was conducted and the criteria applied for inclusion/exclusion. Critical appraisal was carried out by two independent reviewers, using the AMSTAR systematic review critical appraisal tool [28] .
Critical appraisal and evaluation of potential bias was carried out at the time of data extraction, after screening was completed on the basis of the inclusion criteria.
Data extraction and management
Data were extracted by two reviewers independently using a set of data extraction forms which was developed for the meta-review: 1) the AMSTAR checklist [28] , 2) two forms for data about the reviews and 3) one form for data about the tools (Additional file 4). The latter included a field for data extraction on the user-centredness of the tools, informed by Dixon and Long's work on the development of health status instruments [29] . The data extraction forms were both paper-based and built into a MS Access database. At the time of data extraction, the reviews eligible for inclusion were screened further on the basis of availability of psychometric data of tools. At this point, we found that some of the reviews initially identified as being eligible for inclusion in the meta-review did not provide psychometric data of tools and were subsequently excluded (this is discussed in detail in the results section). Data about the characteristics of the tool (e.g. tool design and instructions for use) were extracted from the reviews; we did not search for, nor retrieve, the original tools. The reviews were synthesised using a narrative synthesis approach.
Results
The search retrieved 441 potentially eligible unique records. After screening titles and abstracts, and further removing duplicates, we obtained the full text of 183 records and assessed these for eligibility. We identified 23 reviews as being potentially eligible for inclusion, of which 13 were excluded as they did not provide data on the psychometric properties of the tools. The remaining set included 10 records reporting data from eight reviews (Schofield et al. [30] review was reported in three separate studies [30] [31] [32] , we have combined the results of this) ( Figure 2 ). Table 4 provides details of the eight included reviews and Table 5 details of the 13 excluded reviews. The findings are structured as follows. First, we briefly summarise the reviews considered at the time of data extraction but excluded for lack of data on psychometric properties of the tools. We then describe the reviews included in our analysis -their methods and our quality assessment. Third, we describe the findings of these reviews, i.e. the pain assessment tools -characteristics, psychometric properties, feasibility of use and clinical utility. We conclude with the reviews' overall assessment of these tools.
Description of excluded reviews
Thirteen of the 23 reviews were excluded because they did not provide suitable data for extraction (these data were absent or not reported in a format suitable for extraction). Several of these were narrative reviews. They varied in length and details of reporting. Tools were analysed in the broader context of, for example, pain physiology, pain prevalence, patients' attitudes and beliefs about pain. For some the focus were the processes of pain assessment and/or pain management/interventions in the elderly population, including with (but not always limited to) persons with dementia (e.g. in [40] [41] [42] 47] ), and/or in specific types of pain ([44]-orofacial pain). One review [46] focused on the barriers to successful pain assessment (of which non-use of assessment tools is one). Two reviews were updated by, or related to, a later review by the same authors ( [40] is an update of [41] -both excluded; [45] is related to [33] -the latter included in our study -and aimed at reviewing the methods of the previous study).
Two reviews [38, 39] are review of reviews. They are very specific in their aims, i.e. to identify pain assessment tools for cognitively impaired adults recommended for use by paramedics [38] and district nurses [39] . They identified two and four reviews respectively, which were amongst those we also retrieved. Thus, the reasons for exclusion in their case were: review of reviews (overview, rather than a systematic review), no data for extraction, and on the grounds of repetition.
Two other reviews [45, 49] did report and discuss psychometric data, but not in a form suitable for this meta review. Their choice of reporting may suggest authors' methodological concerns for the comparability and presentation of the data in quantitative form, given the heterogeneity of the studies and their methods.
Description of included reviews
Each review included in this meta-review comprised between eight and 13 tools (Table 6 , see also Additional file 5). The most frequently reviewed tools included: the Abbey Pain Scale, NOPPAIN, PACSLAC, PADE, CNPI and PAINAD (Table 7 ; abbreviations of name of tools explained in the List of abbreviations used). Reviews searched the literature across a variety of date ranges, from 1980 to 2010. The number of individual studies included in each review varied from nine [30] to 29 [21] , although the number of included studies in some reviews was ambiguous (Table 6 ). The reasons for this ambiguity are twofold. First, the number of studies included in each review is different for each tool, thus making it difficult to aggregate in one number ('number of included studies'). Second, the studies included in each review were found each to have reported one or more studies aimed at evaluating a tool. Thus, a number of included studies of '1' may actually refer to a larger number of studies conducted. The reviews aimed to summarise the available evidence by means of a comprehensive overview (Additional file 5). Three reviews [33, 35, 36] also explicitly aimed at an evaluation of the evidence -i.e. to critically evaluate the existing tools, or to identify key components and analyse the reported psychometric properties of tools. Two reviews [21, 33] reported a systematic method for evaluation of the tools.
Not all reviews made explicit their assessment of the quality of the studies or risk of bias, or assessment of the scales considered. When this was done, the reviews highlighted the methodological limitations of both studies and scales (Additional file 6). For example, in one review [21] the overall assessment was "generally moderate", with 11 points being the highest score out of the 20 point evaluation scale applied, and only four of the 12 tools examined reaching this score (these were Doloplus-2, ECPA, PACSLAC, PAINAD). The heterogeneity of study designs and/or inconsistencies made aggregation of findings in the reviews difficult and/or methodologically inappropriate. For example Zwakhalen et al. [21] stressed the "Considerable heterogeneity in terms of design (retrospective vs. prospective), method (pain in vivo vs. observational methods), research population (different types of dementia, different levels of impairment, different settings) and conceptualisation of pain, making their results hard to compare".
Is the review a review of studies of pain assessment or pain management?
Is the review a review of studies about patients with dementia or cognitive impairment?
Is the review a systematic review?
Is the review in English?
Retrieve the paper for more information, or discuss with other reviewer or refer to third reviewer Table 1 ). Each decision point has the three options for promoting records to the next stage of the winnowing process: 'yes' (inclusion), 'no' (exclusion), 'maybe'. Depending on the stage of the reviewing process (on title and abstract only, or full text), the latter option may require retrieving the full text, discussion between reviewers, and/or referral to a third reviewer. 
Meets inclusion criteria and psychometric data provided
Bibliographic information of the reviews included in this meta-review. For ease of referencing these are also included in the References, with the corresponding unique identifier.
Quality of included reviews
We assessed the quality of the systematic reviews through the use of the AMSTAR questionnaire (original questionnaire adapted to a binary scoring: 1 if item is present, 0 if unclear, absent or not applicable) ( Table 8 ). The mean score was about 4.9, in the range from 1 [34] to 10 [35] . Most (6/8 reviews) presented an a priori design and a comprehensive literature search (Q1; Q3). However, in general, the reporting lacked in detail. For example, as shown in Table 8 , the list of included/excluded studies was provided in only three reviews [25, 35, 36] ; the explicit involvement of two or more independent reviewers (Q2) was reported in only one review [35] ; only three reviews [25, 33, 35] explained the methods used to combine findings (Q9) and only one review seemed to have assessed the likelihood of publication bias [35] . This lack of detail in reporting may be due to restrictions on word limits in publications; we did not contact the authors to obtain data when missing.
Reviews' findings -the pain assessment tools
In total, 28 pain assessment tools were assessed in the eight reviews; nine tools (Abbey Pain Scale, ADD Protocol, CNPI, DS-DAT, Doloplus-2, NOPPAIN, PACSLAC, PADE, PAINAD) were assessed in five or more reviews; one tool (MOBID) was assessed in three reviews; three tools (Behavior checklist, Observational Pain Behaviour Tool and PATCOA) were assessed in two reviews and the Expert reviewers were asked to rate each tool and provide a score; no data on psychometric properties of tools. The way in which the data are presented makes it unusable for our purposes. 30 tools reviewed comparatively in overview tables. Reliability and validity data reported but in a form unusable for our purposes.
Bibliographic information of the reviews considered eligible for inclusion in this meta-review, but excluded from the data extraction process. For ease of referencing these are also included in the References, with the corresponding unique identifier. 
Lebanon and Netherlands
Overview of the scope of the retrieval strategies (sources and periods) for studies of pain assessment tools, used in the reviews included in our meta-review. Information was missing for four of the reviews (no data available for extraction). * The number of included studies is possibly approximate. The reasons are twofold: 1) the number of included studies in each review is different for each tool and hard to aggregate in one number; 2) the studies included in each review may have reported one or more studies aimed at evaluating a tool -i.e. a number of included studies of '1' may actually refer to a larger number of studies conducted.
remaining 15 tools were assessed in one review each (see Table 7 ; a summary of each provided in Additional file 7). It should be noted that there seem to be different versions of PACSLAC: a preliminary 60 items one, then modified to 36 items. There seems to be ambiguity about which version of the tool the data are reported about (a Dutch version -PACSLAC-D was also mentioned [25] ). Similar ambiguity was found in relation to PADE, being unclear which version -or which of its subscales -was studied for psychometric properties. Similarly, the MOBID tool has been studied in two different versions. It is also unclear how much the Abbey Pain Scale had been refined across the studies carried out to evaluate it (including a Japanese version).
Description of the tools
The reporting of the tools' content and intended use was done differently by different reviews, making it difficult to provide a comprehensive comparative descriptive summary of all the 28 tools. Six of the eight reviews [21, 24, 25, 30, 34, 36] provided summary tables giving an overview description of tools' design but these summaries focus on a varied range of aspects including: target population [24] , number of items [21, 24, 25] , type of behaviours identified [30, 33, 34] , number of dimensions/behaviours [21] , presence of the American Geriatric Society (AGS) categories [24, 33, 36] and scoring range [21, 24] .
From the eight reviews, it appears that most tools (24 out of 28) are observational (Additional file 7), requiring observations by healthcare professionals. However, reviewers' classification of these observational tools varied: FLACC was described as a 'behavioural scale' rather than observational [33] ; Abbey Pain Scale, PADE and PAINE were classified by one review [25] as 'caregiver or informant rating scales'; the same review [25] classified the ADD tool as 'interactive'-i.e. an "interactive method" including "a physical and affective needs assessment, a review of the patient's history, and the administration of analgesic medication" [25] . In a number of reviews no specific classification is made. Among the remaining four tools of the 28, one (PPI) relied on patient self-reporting and one (PPQ) was described as relying on caregivers reporting and compared pain experienced currently with pain experienced the previous week.
Twenty-five of the 28 tools appear to include an assessment of pain intensity. Three tools (ADD Protocol, Behavior checklist, Observational Pain Behaviour Tool) aimed at determining presence or absence of pain, with no scoring or rating of pain intensity. In the case of two tools (Doloplus-2 and REPOS) binary scores are summed up and the total score interpreted as presence/absence of pain.
Methods of scoring and rating of pain varied, from scores made of counting checkmarks -i.e. yes/no binary responses (item present or absent), to a variety of rating systems; total scores ranges varied from 0-6 to 0-60 -i.e. 0-6 (CNPI), 0-9 (PATCOA), 0-10 (FLACC, MOBID, PAINAD), 0-14 (ECS), 0-25 (Observational Pain Behaviour Tool), 0-27 (DS-DAT), 0-30 (Doloplus), 0-44 (ECPA), 0-54 (RAPID), and 0-60 (PACSLAC). Likert scales, binary scores, multiple choice and Visual Analogue Scale (VAS) systems were mentioned in the reviews; in three cases (PADE, Pain assessment scale for use with cognitively impaired adults, PPQ) different rating systems are used in the same tool (Likert scales/VAS; Likert scales/binary scores). 
Mean

4.875
Assessment of the quality of the included reviews by application of the AMSTAR Questionnaire [28] , adapted to a binary scoring -items scored 1 if present, 0 if unclear, absent or not applicable. The questionnaire is composed of 11 closed questions, with possible answers: Yes, No, Can't Answer and Not Applicable. The quality assessment we carried out relied on the information reported in the review -we did not contact the authors of the reviews to gather information which was missing or ambiguous in their publication. As a consequence, it may be possible that the authors had performed, for example, a comprehensive literature search for their review, but they did not report this in sufficient detail in their publication. This also caused uncertainty and ambiguity between the No and Can't Answer options, with blurred boundaries between the two. In addition, the AMSTAR questionnaire presents some double-barrelled questions (Q2, Q5, Q7) and we scored the item as present (a score of 1) only when both items in the question were answered positively. So, for example, only when both the lists of included and excluded studies were provided (Q5) a score of 1 would be awarded to the review.
Only two out of 28 tools (CNPI, NOPPAIN) appear to be designed explicitly for pain assessment at both rest and during movement -though data about this aspect of the tool's design may be missing for the other tools. For one tool (Doloplus-2) the score was reported to reflect the progression of the pain experienced, rather than the patient's pain experienced at a specific moment in time.
Two tools (REPOS and ADD Protocol) combine assessment with guideline for intervention (this is discussed further in the next section).
Three reviews [24, 33, 36] explicitly analyse the tools in terms of whether their design apply the AGS [13] guidelines and categories of potential pain indicators in older persons, namely facial expressions, verbalizations/vocalizations, body movements, changes in interpersonal interactions, changes in activity patterns or routines, and mental status. These reviews cover 15 tools (Abbey Pain Scale, ADD, Behavior checklist, CNPI, DS-DAT, Doloplus-2, FACS, FLACC, MOBID, NOPPAIN, PACSLAC, PADE, PAINAD, PATCOA, and PBM).
Settings where the tools were studied
The tools were studied in a variety of settings and with varied patient populations. The terminology used to describe settings varied, and those which appeared to be in nonacute settings included: long-term-care, nursing homes, dementia care units, psychogeriatric units, rehabilitation facilities, aged care facilities, residential care facilities, longterm care facilities, palliative care but also, geriatric clinics, care homes, residential and skilled care facilities, longterm-care dementia special care units, and a residential dementia care ward (Additional file 8).
The terminology to refer to hospital settings also varied, with reference either to patients and/or type of services: e.g. hospital patients in a long-term stay department, psychiatric hospital setting, hospital medical care unit, dementia special care units in hospital, hospital patients and older hospital patients.
Tools psychometric data Reliability
The reliability of pain assessment scores was measured using inter-rater reliability (agreement between raters), test-retest (extent to which a tool achieves the same result on two or more occasions when the condition is stable) or intra-rater reliability (agreement of the same rater at different time points) and internal consistency (Additional file 9). There were no reliability data available for four of the tools (ECS, Pain assessment scale for use with cognitively impaired adults, Observational Pain Behaviour Tool and Behavior Checklist). Overall, reliability measures were carried out on small samples of patients and raters, so data for all of the tools are limited. Overall, the majority of the tools assessed had moderate to good inter-rater reliability. However, there were limitations in terms of the sample sizes used to evaluate their reliability.
Inter-rater reliability
Test-retest and intra-rater reliability Intra-rater reliability was not assessed for the FLACC, Mahoney Pain Scale, PBM, PPI, PAINAD, PATCOA, ECPA, EPCA-2 and the ADD protocol. Evaluations of intra-rater reliability included percentage agreement, correlation, kappa, Nygard test-retest and intra-class correlations. In terms of intra-rater reliability, the variation in calculations makes direct comparison across the tools difficult and the use of small sample sizes indicates that all of the results should be treated with caution. Percentage agreement for intra-rater reliability was provided for the FACS 
Validity
The validity of the pain tools was primarily explored using concurrent and/or criterion validity (correlation of the pain scale with other pain scores or a benchmark criterion) and/or discriminant and/or predictive validity (e.g. ability to discriminate, or predict between pain on movement and at rest) (Additional file 9). Some reviews (e.g. [21, 33] ) also provided brief insight into the conceptual foundation of the measures and ways content validity was explored. As with measures of reliability, there was considerable variation in how the validity of tools was assessed. Three tools had no validity assessment (the Comfort checklist, the Pain assessment scale for use with cognitively impaired adults and the Observational Pain Behaviour Tool). The Non-Communicative Patient's Pain Assessment Instrument (NOPAIN) tool also had little overall formal validity assessment.
Content validity
In general, only limited insight was provided into the conceptual foundation of the tools (as opposed to the tool's purpose) (Additional file 10). For the vast majority of tools, their derivation, and thus the implied conceptual basis, lay in literature reviews and/or clinical and/or research experts in pain and older patients with dementia. For other tools, for example, the Abbey Pain Scale, its basis was unclear or, as with the Behaviour Checklist, no information was provided. Two of the measures were adapted from measures originally developed for a different patient group, in particular, young children (Doloplus-2; ECPA). In contrast, the purpose of all the measures was commonly outlined. It is notable that some were developed for particular users (CPAT, for certified nursing assistant care providers; NOP-PAIN, for nursing assistants), another for research purposes (DS-DAT) and two as decision support tools (the ADD Protocol and the REPOS).
Concurrent and criterion validity
Concurrent and criterion validity were measured by either comparing the scores of one tool to another, or comparing one tool's scores with nurse/doctor ratings of pain, or through comparison with self-report (using VAS scales) (Additional file 11). The following is a summary of the comparisons:
CPAT was compared to DS-DAT (rs = Overall, the tools which had the highest correlations with each other were the RaPID when compared to the McGill pain scale, the REPOS compared to PAINAD and the PPI compared to the Memorial pain Subscale. The Mahoney pain scale and the PAINAD had the highest correlation with nurse/doctor ratings of pain, and the RaPID with selfreports of pain/discomfort. There was no one scale that appeared to be superior to the others (nor applicable as a gold standard), and no consistency in comparisons across the scales.
Discriminant validity
Discriminant validity was measured by comparing scores before or after a painful event. Several of the reviews reported that tools had discriminant or predictive validity without providing data -this included the reviews of the FACS and PBM. Other scales with a significant difference in scores pre and post interventions/events included the CPAT, CNPI, DS-DAT, PACSLAC, MOBID, Abbey Pain Scale, ADD protocol, and the Behaviour checklist.
Construct validity
Construct validity was measured by comparing scores to medication use or prescription of medications. The PPQ scores were correlated to pain medication use (0.37-0.55), and patients assessed with the PADE on psychoactive medications had significantly higher scores on the physical and verbal agitation subscales. With the PAINAD there was a significant fall in score after the administration of pain medication, and the EPCA-2 was correlated with the prescription of opioids (0.782) and non-opioids (0.730).
Feasibility and clinical utility
The feasibility of a tool is "its applicability in daily practice", including aspects such as ease of use and time to administer it, while clinical utility is "the usefulness of the measure for decision making", i.e. to inform further action, such as the administration of analgesics [24] . Data on feasibility and clinical utility of tools were very limited (Additional files 12 and 13). Often data were not available in the reviews, or when data were available, it often pertained to a lack of data in the original studies (e.g. reviewers stating the item was not reported and could therefore not be assessed). More specifically: feasibility data were completely absent for six tools (Comfort Checklist, FLACC, PAINE, PATCOA, PPI, and PPQ); clinical utility data were completely or substantially absent for seven tools (ECS, FACS, Mahoney Pain Scale, PAINE, PBM, PPQ, and RaPID). For four tools reviewers explicitly noted that claims of feasibility (e.g. time required to administer the tool) were made from the authors of the study without supporting evidence (Abbey Pain Scale, Doloplus-2, PACSLAC, and PADE). There were also two instances (PACSLAC and MOBID) of conflicting data on clinical utility and feasibility from the different reviews, possibly due to an ambiguous reference to different versions of the same tool.
Specific evaluation for feasibility appears to have been carried out only for three tools -CPAT, Mahoney Pain Scale, and Pain Assessment Scale for Use with Cognitively Impaired Adults; in the first two of these cases the evaluation was done by use of questionnaires. It also appeared that users of the Abbey Pain Scale were asked for feedback in the context of the psychometric testing of the tool. In was unclear whether the ADD Protocol was also assessed for feasibility.
Specific evaluation of clinical utility appeared to have been undertaken for the Pain Assessment Scale for Use with Cognitively Impaired Adults, and possibly for the ADD Protocol and PAINAD.
It must be stressed that when reviews assessed or mentioned the feasibility and/or clinical utility of the tools, the two aspects were often confounded (reviewers, authors or users typically drawing conclusions from ease of use or brevity of a scale to its usefulness).
Specific dimensions of feasibility assessed were: time to complete the assessment (e.g. to complete a checklist), availability of instructions on how to use the tool and/or availability of guidelines on how to score pain, and training needs (Additional file 12).
Six tools were reported to be overall 'easy to use' (Abbey Pain Scale, Behavior checklist, CNPI, CPAT, Mahoney Pain Scale, and NOPPAIN), two were considered manageable/acceptable (ECPA, and RaPID), four were judged to be complex (ADD Protocol, DS-DAT, Pain assessment scale for use with cognitively impaired adults, and PADE). Conflicting views on the ease of use or complexity of the tools were apparent for five tools (Doloplus-2, MOBID, PACSLAC, PAINAD, and PBM).
Instructions for use and/or guidelines on scoring were reported to be available for 13 tools (Abbey Pain Scale, CNPI, CPAT, Doloplus-2, DS-DAT, ECS, FACS, Mahoney Pain Scale, MOBID, NOPPAIN, PACSLAC, PAINAD, REPOS) with varied assessments in terms of clarity or complexity of the instructions.
Training in the use of the tool was judged as necessary for 10 tools (EPCA-2, Mahoney Pain Scale, NOPPAIN, PADE, PACSLAC, PAINAD, ADD Protocol, CPAT, DS-DAT, and MOBID), four of which seemed to require significant training (ADD Protocol, CPAT, DS-DAT, and MOBID). For six tools it was stated that authors of studies/ tools did not report on the level and length of training required (Abbey Pain Scale, CNPI, Doloplus-2, PAINAD, PACSLAC, REPOS). For the majority of the tools however, data about training were not available (Behavior checklist, Comfort Checklist , ECPA, ECS, FACS, FLACC, Observational Pain Behaviour Tool, Pain assessment scale for use with cognitively impaired adults, PAINE, PATCOA, PBM, PPI, PPQ, and RaPID).
Specific dimensions of clinical utility were less straightforward. The availability of cut-off scores and of interpretation of scores for decision making appeared to be the two dimensions supporting evidence of clinical utility. The presence of cut-off scores contributes to achieving clinical utility, for example to help discriminate between presence and absence of pain, or to couple the scale with a treatment algorithm. Otherwise, general statements were available related to evidence of use in clinical settings and evidence of clinical utility, the latter being dependent on the first (Additional file 13).
Cut-off scores appeared to be available only for REPOS and Doloplus-2, though in the latter case they still need to be validated. The availability of guidance on how to interpret the scores and for further action following assessment was variedly reported. Data on this were missing for 18 tools (ADD Protocol, Behavior checklist, Comfort Checklist, DS-DAT, ECS, EPCA-2, FACS, FLACC, Mahoney Pain Scale, MOBID, Pain Assessment Scale for Use with Cognitively Impaired Adults, PAINE, PATCOA, PBM, PPI, PPQ, RaPID, and REPOS). For four tools it appeared that interpretations of the scores were available (Abbey Pain Scale, Doloplus-2, CNPI, and CPAT) though in two of these they were deemed unclear (CNPI, and CPAT). For five tools, it appeared interpretations of the scores were not available (ECPA, NOPPAIN, Observational Pain Behaviour Tool, PACSLAC, and PADE) and further four were reported as lacking guidance for further action following assessment (CNPI, CPAT, Doloplus-2, and NOPPAIN). It was unclear whether PAINAD does provide interpretation of scores.
Suggestive evidence of use in clinical settings was reported for two tools: Abbey Pain has been incorporated into the Australian pain guidelines; and the ADD Protocol was introduced in 57 long term care facilities together with an education strategy for 12 months and the evaluation was done in a study with 32 nurses in 25 facilities. It is otherwise unclear whether any of the other tools were actually used in practice beyond a period of research or testing of the tool. In one example (NOPPAIN), the testing of the tool was done by use of video recording of an actress portraying a bed-bound patient, and it remains unclear whether further testing was done in clinical setting or with patients at bedside.
With the exception of the ADD Protocol and REPOS, there was no mention of how the tools would inform intervention (e.g. choice of treatment). We found an overall lack of clarity in the descriptions of the ADD Protocol, but it seems that one of its strengths is that it links observation of behaviour with interventions. Similarly, one review suggested that the clinical utility of REPOS potentially resides in its combination with a decision tree to assist in determining interventions after pain assessment [35] .
Overall assessment of the tools
There seemed to be a general consensus among the reviewers that the current evidence on validation and clinical utility of the tools is insufficient (Additional file 14). The overall conclusion was that there is a need for further psychometric testing of each tool. Two reviews recommended that the focus should be on studying existing scales rather than creating new ones [21, 30] , although one review also suggested that there may be a need to revisit the tools' conceptual foundations [33] .
Recommendations for further research and testing of the tools included the involvement of culturally diverse populations [21, 33, 36] and the provision of scoring methods and guidelines for interpretation in the evaluation of the scale [36] . Finally, a need for research emerged to link assessment with treatment algorithms [24] .
Some of the reviews also concluded with recommendations for practice, for example: the use of at least two different pain assessment approaches at the same time in clinical practice and two different tools in research [25] ; the importance of a comprehensive approach to pain assessment beyond the use of tools [33] ; the need to involve social workers in regular holistic multidisciplinary pain assessment (in nursing homes), with training in the use of the scales [36] .
Among the tools selected by the reviews as possible best candidates, albeit on limited evidence, were the DS-DAT, Doloplus 2, Mahoney Pain Scale, PACSLAC, PAINAD, Abbey Pain Scale, and ECPA. The ADD protocol was mentioned as an example of a more comprehensive approach for the identification of pain, beyond the use of an assessment tool as "a standardized tool is only one step in a complex diagnostic process" [33] . There was also agreement on recommending that patients with dementia can often reliably verbalise their pain, suggesting therefore that the use of observational scales should be limited to patients who demonstrably cannot reliably verbalise their pain.
Discussion
The objective of our meta-review was to identify which tools are available to assess pain in adults with dementia, in which settings and patient populations they have been used, and evaluate their reliability, validity, feasibility and clinical utility. We found a relatively large number of reviews on this topic and a considerable number of pain assessment tools available for the cognitively impaired population. Of the reviews we evaluated, only one [35] met all of the quality criteria outlined in the AMSTAR checklist, and would be considered a high quality review. The review by Herr et al. [33] has an associated website where 17 tools (specifically for use in nursing homes) are listed and commented on in detail [50] .
The systematic reviews commonly situated their choice of interventions to review in the context of the challenges associated with assessing pain in patients who were cognitively impaired. Whilst there was recognition that the gold standard for pain assessment was the patient's own assessment, this was unlikely to be possible with this patient population if the person was severely cognitively impaired, thus leading to the use of observational scales. The tools included in these reviews were therefore for the greater part observational, but showed a broad variation of measures and methods of assessing pain in adults with dementia. The foundation and focus of an observational scale is how the pain is manifested or made known such as on the basis on the American Geriatric Society (AGS) Pain indicators [13] . An additional conceptual foundation resided on a differentiation of aspects of pain -such as "the sensory-discriminative and motivational-affective aspects" [43] . Very few tools appeared to have any strong theoretical underpinning to the development.
Overall there was no one tool that appeared to be more reliable and valid than the others. There was considerable variation in how reliability and validity of the tools were assessed. The majority of reliability and validity assessments were carried out on small samples in one or two different studies -so the applicability of tools across settings is yet to be evaluated. Similar conclusions can be drawn in relation to the feasibility and clinical utility of the tools. These findings have implications for research, which we briefly discuss over four points.
First, given the large number of existing tools identified within our meta-review, it seems inappropriate to develop further tools if on the basis of the same conceptual foundations. Instead, researchers need to either envision new assessment instruments on the basis of different conceptual foundations, or concentrate on extending the psychometric evidence base for the existing tools. There is a need to evaluate the tools on a wider scale, across a variety of patients and clinical settings, using rigorous methods and larger sample sizes. The studies need to ensure that the definitions of cognitive impairment and type of pain that is being assessed are clearly defined, to enable comparisons across populations. While rigorous research is needed, it must be noted that the accuracy of tools is difficult to assess when an objective biological marker or other gold standard criterion is lacking -such as is the case for pain intensity [35, 48, 49] .
Second, research should be conducted in clinical practice to assess the feasibility and clinical utility of the tools, and thus their potential for use in everyday clinical practice. Tools may be more useful in detecting relative changes in individual patients than differences between patients [41] . Tools that showed high reliability in research may not display to be highly reliable in routine clinical practice if not administered as intended [51] . Pain assessment tools designed for research purposes, in order to aggregate and compare data across patients, do not necessarily transfer easily and effectively to clinical settings for everyday use. In general it has been suggested that measurement tools developed for the purpose of evaluation of policy making [52, 53] or routine general screening [51] might have 'no meaning' at the frontline.
Third, research on the clinical utility of the tools should include evaluation of their impact in terms of choice of treatment and patient outcomes. This question was considered in one of the excluded reviews [48] : the reviewers found no evaluations of the effect of protocols such as algorithms or pathways for assessing pain in inpatients (including those with dementia) and they reported "a study in cancer patients [that] found opioid-related over sedation and other adverse effects increased substantially after implementation of pain assessment on a numerical scale routinely with other vital signs" ( [48] , p11, citing [54] ). Herr et al. [33] reported that "the use of the ADD Protocol was associated with a significant increase in the use of pharmacologic […] and non-pharmacologic comfort interventions" (p179). Alternatively, the use of the wrong pain assessment tool might reduce the likelihood that pain treatment will be initiated or contribute to acute exacerbations of pain (as could be inferred by data from [34] ), or may be found to have no effect on the quality of pain management [55] .
Finally, an instrument must be relevant to "the condition, setting and participants in the health interaction, in particular the patient and clinical users" [56] . This includes the notion of user-centredness, defined as "the extent to which an instrument faithfully captures both the content of the health care user's views and the form or ways in which their views are expressed" [57] . As a number of the systematic reviews and other literature makes clear, pain is a subjective experience; thus the associated measurement gold standard is the patient's own assessment [24] . However, where the patient is severely cognitively impaired, alternative ways to assess the patient's level of pain must be found. Resort is made to behavioural indicators and groups of cues [58] . Ideally, these aspects would be used to assess expressed pain when the patient is at rest and when moving. Against this context, user-centredness, in terms of the actual patient's selfassessment of pain, is unachievable. The next best option, from a user-centred perspective, becomes the assessment of a person who is most familiar with the patient in their everyday life in a hospital or other care setting -what Herk et al. [24] call a "silver standard". It is critical, however, that the assessor has a high familiarity with the patient. It can plausibly be argued that the more this is achieved, the greater the likelihood of a closer fit of the proxy's view with the patient's own experience. At the same time, over-familiarity may lead to an attenuation of the observer's focus on potential pain clues. However, as Smith [34] commented, one is rarely in 'an ideal situation' where the direct care providers know, and are thus highly familiar, with the care recipient's personal habits and history. Thus, rather than seeking to review the degree of the user-centredness of tools in this area, it is important to evaluate the guidance on a tool's use (that is, who should administer the intervention and in what range of situations) and then explore whether or not it is actually used in the indicated way in everyday clinical practice. Exploration and findings on clinical utility and feasibility of use provide suggestive evidence of potential for use in everyday practice. Such evidence is a necessary but not sufficient condition for a tool's actual use. It is notable that little or no insight is provided into the guidance over who should administer the tools in any of the systematic reviews. To gain insight into this aspect of use and possible additional evidence on a tool's actual use in practice, one would need to examine the original instrument designers' papers and validation studies, rather than rely on a systematic reviewer's observations or summaries. Notwithstanding, it can be recommended that these two aspects of tool use (guidance and actual use) are incorporated into tools reviews and, given this patient group, development of evidence on the actual use of the tools in clinical practice.
Overall completeness and applicability of evidence
We analysed 23 reviews for data extraction and included data from eight of these. Whilst we could have been more strict in our interpretation of the criteria for a systematic review and exclude a greater number of potentially eligible records before reaching the stage of data extraction, this would not have necessarily restricted the analysis to reviews with higher AMSTAR scores. It would have given us a smaller number of records for data extraction, and while this would have saved us time in the data extraction process, we do not believe that it would have changed the final outcome and the findings. It would also have reduced the number and range of tools assessed.
We analysed 28 tools included in eight reviews. However other tools are also available and were included in some of the reviews we excluded because they did not provide psychometric data for extraction. The review by Stolee et al. [49] , for example, covers 30 tools, including The Proxy Pain Questionnaire, The Pain Behavior Measure, the 21-Box Scale, and the Pain Thermometer, among others.
Furthermore, this meta-review does not cover a new tool recently developed in France by the Doloplus Collective team -ALGO Plus [59] . To our knowledge, the tool has not been included yet (at the time of writing) into a systematic review.
Potential biases in the overview process
We checked further available data when readily available, such as in supplementary tables online [25] but we did not communicate with the authors to obtain missing data. This may have introduced publication bias.
In our assessment of the reliability and validity of the tools, we did not attempt a meta-analysis; we are aware that studies had been counted in various reviews and their results could have been counted more than once. However, we do not believe this to be an issue for our narrative synthesis.
Our search did not specifically target reviews reporting on the feasibility or clinical utility of the tools -thus our evidence may be more limited on these aspects than it might have been otherwise.
We attempted to minimise bias in the review process by involving a review team with diverse expertise; by having each review assessed independently by at least two members of the team, and the whole team of reviewers involved at every stage of the process; by not excluding reviews on the basis of our assessment of their quality.
